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. SUMMARY

InMarch 1987, NIOSH recaved arequest from University Hospitd, University of Cdoredo Hedlth Sdences
Cante, Dave, Cdorado to deamireif therewas ahedlth hezard from exposreto éhylene axide (HO). In
addtion, menegement reported thet adaionary, sdlid datedam for BO located inagtoregeroom adjacant tothe
derilizer room, hed bean gaing off reguiaty for severd monthsand enployesshed been complaining of heededhes
and ather (possihly neurdogicd) symptoms

Anevironmentd evaugionwas conduded by two NIOSH indudrid hygenidsonMay 11, 1987 to evduete HO
exposreamong Cantrd Supply Department employess: A medica evauation was conducted May 20-22, 1987
by aNIOH physdan andinduded asdf-admindered quesionnaire, areview of exposad anployess medicd
records and aneurdogicd examingtion

BOweasdaeted & thelimit of quentitation (LOQ) inatimeweghted average, parsord breething zone (PB2)
sample (002 myi?) teken fromtheailizer oparatar. Theramaining PBZ samplesdd nat indicateany arbome

expoareto HO abovethelimit of detedtion (LOD). BEO wesddeded infivetimeweghted average, ganerd area
samplestakeninthedailizer room and themechenicd acoessroom. The.conoantrationsranged from none
detected to 0.2 mg/n?. O wasdaected & the LOQ in ashart tam areasample (0.2 mg/i?) tekenin the tailizer
room during the Cedle gailizer 15 minutedoor arack pariod. Theramaning ot tam samplesdd nat find any
arbomelevdsaf BO abovetheLOD. Manegamant and employessrdaed anecdotd infomationwhichindicated
thesdlid datedam may have bean going off inregponseto the use of hair goray and anisopropend bessd ogpata
neatby Srk.

The Cantrd Qupply Department employess thetednidansin particular, reported (by questionnéaire) aninoressed
prevelencedf symptoms congstent with BO exposre: TheCantrd Supdly querlma'terﬁweesl“aj |aboretory
test reitswith minor aonomditieswhich nesd fdllow-up. Whether BO exposure caused thesymptoms o
|aboratory test result abnomndlities cannat by detamined from our sudy. BEO wesdetedted inatimeweighted
avaage PBZ sampletaken fram the deilizer operator and in aresswhere parsonnd wearelocated. Thardfore the
NIOH invedigetorsconduded apatentid for employesexpoareto BO exiged duing thesurvey.

Onthebedsof thedatadatained during thissurnvey, it wes detemined thet apatantid for expoaureto ehyleneaxide
exigad for anployessworking inthedeilizer room, Centrd Supdly Departmant, a the University Of Cdorado
Hedth Sdences Canter. Recommendationsto reduce amployess expoaresto thelowedt feesblelevd ae
contanaed inthefull body of thisrepart.
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INTRODUCTION

InMarch 1987, the Nationd Inditutefor Oooupationdl Safety and Hedlth (NIOSH) reoaveed areguest from
menegamant of Univarsty Hogaitd, Universty of Cdarado Hedlth Sdenoes Canter, Denver, Cdarado to
ogemineif tharewasahedlth hezard from exposreto ehylene axide (EO). O isusad inthe Cantrd Supply
Depatmat far thedailization of heet andlor madure sastiveingrumantsand metaiasused throughout the
hogaitd. Inaddition, menegement reported thet adaionary, sdlid datedam for BO located inagtoregeroom
adjaoant tothedailizer room, hed bean gaing dff regulaty for ssverd monthsand enployees hed been complaining
of heedechesand ather (possibly neurdogicdl) symptoms

On Apil 16, 1987 an gpaning conferencewas hdd with menegemant represantatives during which beckground
infomationwas datained. Falloning thismedting, awak-through Surnvey wes condudied in the Centrd Supply
Depatmat

Anindugrid hygeneevauation was conducted by two NIOSH indudrid hygenidsonMay 11, 1987 toevdugte
BO exposreamong Ceantrd Supply Department employess: A medicd evdugtion was condudted May 20- 22,
1987 by aNIOSH physdan andinduded asdf-adminigered questionneire, areview of exposad anployess
medicd records and aneurdogicd examingion. ResLitswere disoussed in person with the Director, Departmant of
Mataid Manegamat on Augugt 3, 1987.

BACKGROUND

BOisusad a Universty Hosoitd asadailant of hest andlor maisiure sansitive hogpitdl suppliesand surgicd
ingrumans All BO gailization for the hosaitd wespafamed inthe Cantrd Supdly Depatmeat. TheCatrd
Sy Depatmant weslocated in the besemant of the University Hosaital and comprisad of six rooms one
dailizing room, two soragerooms two dffices and aneloresk room. The BO Seilizersand agrdior werelocated
inthed&ilizing room and ane Cantrd Supply tednidan per dhift wesresponsblefor their gparation. Theather
technidansworking thet shift wereresponsiilefor picking Up used ecuipment throughout the hospitdl, weehing used

equipmat, sating up catsar trayswith deen and deilized equipment, and ddiveing the desned and Seilized

equipmat tothevaiousfloarsof thehogaitd. The Cantrd Sy derksadso hdped with thesetasks however they
ddrucpaaetrestelllzrgrrWres adtherdarerady etaed thedailizngroom Theday dhift tednidans
ratated the reponsihility of operating the Silizing mechines eech assignad thettask gopraximatey ance per wesk.
Duing theevening dhift, hoveve, onetednidantypicaly took reporsihlity for gperating the dilizing mechines
Thegailiza roomwasequipped with two ehylene axide Seilizas aCadle BO gailizer and asrdler, teetop
3M gailiza. Accompenying thedailizaswesan agratar whichwesusad for agrding dl itarsimmediatdy
fdlowing the dailization and purge oydes of thedgilizas A daionary, sdlid datedam for hydrocaboswes
presant in adorageroom adjacart to the dilizer room to providewaming to eamployessintheeveant of gesleskage
Thedsilizar roomweasnat physicaly isdlated within the Cantrd Supply Depatmant.

TheCalledsilizer and Caalleaarator warerecessad into awl of thedeilizer room, with thebodies praruding into
anadjaoat mechanicd anoessroom. Themedhanicd anoessroomwas ket lodked and contained two oylinders
of EHO and Freon+12inamixturedf 12 to 88 paroant by waght. Theoylindaswere usad to supply the Cedle
dailizer. Entry intothislodked roomwes redricted to ges oylinder regacement and ather required meintenence
adivities The Cadledsilizer dranege dudt emptied into an open sewer drainlocated within the medhenicdl aooess
room The3M dailizer ussdasrdl catridged BO geswhichwesmenudly seeted inddethedailizer dramber
priortouse After thegeilizer cydegarted, the catridge was automdticaly pundured. Themedhanicd aooess
room and deilizer room were ventilated by adedi cated exhaug sygemwhich hed amesaured ednaugt of 1250
aubicfet par minuteand gopraximetdy 16 air dhengesper hour,(1) Themiain exhaudt dudt weseouipped with a
svinging vaneanamomdea dam. Theexhaud ar wasexhnauged diredly outdoarsto an arearamoved framar
intakes Bath the Cadleand

3M dailizasweareaipped with locd exhaud ventilation, eg, dat hoodsaround the Seilizer doar gpenings



Each ailization cydelagted gopraximatdy four hoursand induded an agration paiod. Fllowing the dailizetion
gydetreindrumentsweretrandiared to theagrator for a12 hour agration cyde. Work pradticerequiramants
induded aprovisonthret dl employessleavethedailize roomfor al5-minuke pariod duingwhich thedilizer door
wasopaned priar to trandfer of indrumanistotheaaraor. This15-minutedoor aradk paiod westo dlow BO
remaning inthedailize to dsspete beforetrandiening theloed to theaaratar. For deilization and during thelloed
trande, itamsweareinsarted and removed usng awheded cat. The Cestledsilizer door opened completdy during
the 15-minutedoor arack period and the 3V deilizer door opaned gpproximatdy twoindhes Thedidancethe
doorsopened was prest by the manufedure.

Manegamat hed bem evaueting many dtaretivesto improve conditionsin thedailiza roominduding ingdlinga
higher cpeatty fan, loweing grillesbewean themechanicdl aooessroom and the eilizer room, insulaing pipesin
themednenicd aooessroom, removing the ges oylindarsfrom the medhenical acoessroom, ingdling red lighisoutside
thedailizer roomtowam employessnat to enter during the 15 minute door aradk period, andindling locd
exhaud vantilation hoodsover thegesoylindars: Raiodic monitaring of employessin Card Suply for BO
exposure hasbean conducted by the hospital using pessive dosmetarswhich met the predson and acourecy
repuirementsaf the OSHA sandard. Thehosaitd dso used adiret reeding ingrument for cocesiondl lesk detedtion
testing for BBO. Whitten documentshed been pregpared for leaving the Seilizer room during the 15 minute door
aak peiod, depsto takein responseto the hydrocarbon dam, dgpsto fallow when dienging theges oylindears
and procedures and guiddinesfar HO deilization.

EVALUATION DESGN AND METHODS

A.  BEvirometd
OnMay 11, 1987 anindudrid hygenesurvey was condudied by two NIOSH indudtrid hygenidsinthe
Catrd Supply Departmant. Parsond expoauresand averape concantrations of BO at sdected locdtionsin

thedailizer roanvveredaamrﬁj by sampling with hydrogen bromide trested cheraod tubesusing
NIOSH Method 1607.(2) Longtam persond bresthing zone (PBZ) sampleswere usad to esimete
8-hour imeweghted avarage (TWA) expoauresfor the seilizer operaior and Cantrd Supply tedidans
Areasampleswearetaken toindcate the exposre theworker would recaveif thefull shift wespant a the
workdgation monitored,

Sottem sardesfar thedailizar oparaior and two Seilizer room areal ocationsweare cdllected using
hydrogen bromidetregted charood tubes and andlyzed acoording to NIOSH Method 1607.(2) The
charood tube sampleswere colledted for gopraximetdy 15 minutes e thedart of the 15 minute door arack
period and endingwhen thelced trandfer wes complele: Diredt-reeding colormetric detector tubeswere
usd to samplefar BO inthedeilizer room during thelced trandfer period.

Smoketubeswere usad to deemine capture effedtiveness of thedat exhaus hoodsand to assessar
movamant betwean roomsand through doarsand openings

B. Mad

All avaladeamnpoyesswarking theday, and evening shiftsin Cantrd Supply wereasked to conpletea
wf-admindeed quetionrdre Thequesionrare (sse Appendix A) wes designed to gather informetion
regarding employeedemographics medica higary, jab hidary, and symptoms rdlated to ethylene axide
(BO) expoare Thequesionaire amoadfication of the" Svedish 16" neuratoxic questionnéire, hesbem
lmjlndTHMesmsjverte‘f&is(a4) E@dﬁe%wnmnqmmswasmejmaGmrt
de "natadl” (soore=0), "alittle’ (soore= 1), "modaratdy” (soore=2), and "quitealat”’ (soore=3).
Thes/mptomsweare comained, besed on previausfadiar andysesand bidagic plausihility, into eght
g/mpomdugas(d Thesmptomdugaswerecondituiond, cognitive, gesranteding (G), emationd,
in, regaraary, paiphad navoussygem (PNS), adimitaive Each dugter contained four
questionsand soorescould rmgefrom 0to 12, refledting thefrequency and intensty of theduda’s



s/mptoms. Anindvidud waesconsdered to besuffering fromapaticdar symptom duder if asooredf 7 or
greder wasgenarded. Inaddtion to the symptom dudter prevalences meen symptom dudter scoreswere
cdoulated for eech dgpartmant.

Theeqpoaureto BO was dgpendant on praximity tothegesdailizngroom: TheCantrd Supply
tedhnidanshed the gredtest potentid expoaure, fallowed by the sore kegper who chenged the O tarks
pproximatdy once par week, and the Cantrd Supply darks whoworked inthe cantrd supply

patmat, but nat inthegailizng room: Symptom dudter prevalences and meen symptom duder soores
waegengaed far thetwo jab titlesin the Centrd Supply Department (tednidansand daks). A 50%
sampled the 3b employesswarking inthe Didary Departmeant with presumelly no expoareto HO, were
randomly chosanto represant the nonqexposed (contrdl) populaion,

Satidicd andysessweare pafomed usng SASPC, and ERIINFOL(56) Themeensympiomduder
oreswaeandyzed usng parandric (Sudent'st-tet) and nonHparametric (Wil ooxon) datistical
procedures Snoebath typesdf datidicd andyssidentified thesame symptiom dusiars wereported only
theparandricresits Satidica Sgnificancewasddined asp lessthen 005,

Themedicd records of theexposad enployesswearerevieved. Therecordsinduded hidariesand
physicaspafamed by enpoyee hedth physdans and laboratory work parformed by the hosaitd efter
January 1987. Thelaboraory tessinduded acomplete lood count (CBC), messremant of vaious
hiochamicd condituentsof saum (SVIA-6, SVIA-12), chest radiogrgoh (CXR), and dedrocardiogram
(EKG).

Neurdogcexanswerepafomed by aNIOSH physden Theexaminduded mentd datusevauetion,
and teding of aanid naves musdedrangth, sansory sydiem, oarebdlar fundion, and reflexes

Q)

(@]

EVALUATION CRITERIA

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd &t engloy
environmantd evdugtion aitaiafor asssssmant of anumber of demicd and physcd egats Theeaitaiaae
intended to suggest levdsaf exposLreto which mogt workers may beexposed up to 10 hoursper day, 40 hours
pear wesk for awarking lifeimewithout expaiendng advasehedth dfeds  Itis however, important to notethet nat
dl workerswill be pratected from advierse hedlth effedtsif thar expoauresare mainiained bdow theselevds A sl
paromntage may expaiancealvaerse hedth efedsbecause df individud susogptibllity, apre-exiding medica
condition, andlor ahyparsasitivity (dlegy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, o with medications ar parsond hehitsof theworker to produce hedlth dfedsevenif the

oooupdtiond expoaresare contrdled & thelevd st by theevdugtion aitaion. Thesecombinad effedtsareoften
not conddared intheevdudion aitaia. Also, some subgtanoes are aosorbed by direct contact with the skinand
muoos mamranes and thus patartialy increesetheovardl equoare FHrdly, evdugtion aitaiamay diengeover
theyearsasnew information onthetoxic effedtsof an apant becomeavalade

Thepimary sourcesdf evironmentd evdugtion aitaiafor thewarkplaceare: 1) NIOSH GritaiaDocumantsand
recommacetions 2) the Amaican Conferenced Govarmeantd Induetrid Hygienss (ACGIH) Threshdd Limit
Vaues(TLV'9), ad 3) the U.S Department of Labor (OSHA) cocupetiond hedth dandards: Often, the NIOSH
recommenddionsand ACGIH TLV'sarelower then the coresponding OSHA dandards: Bath NIOSH
recommendationrsand ACGIH TLV'suaLely arebesad on marerecant infammietion then are the OSHA dandards
The OHA dandardsdo may




berequired to tekeinto aooount thefeeshhility of contrdling exposuresin vaiousindLgrieswharethe aganisare usdt
the NIOSH-recommended expoarelimits (RELS), by contragt, are besed primarly on conoamsrdaing tothe
prevention of cooupationd dissese Inevaugting theexpoaurelevdsand the recommendationsfor reduiang these
levdsfoundin thisrepart, it should benated thet indLetry islegaly reouired to meet thoselevespedfied by an
OSHA dandard.

A timewdghted average (TWA) exposurerdasto theavaage arbome conoantration of asubdanceduinga
nomd 8- to 10-hour workday. Some sLbdanoes have recommendsd short-tem expoaurelimits or calling values
whichareinieded to supplemant the TWA wharethereare recognized taxic effedtsfrom high shart-tam
expoares Therecommandad expoaurelevdsfor BO aeasfdlons

Environmentd ExposreLimits
8Hour TimeWeadhted Avarape (TWA)

BhyieneOxice LA~ (NIOSH)

2 OSHA
2%& ((ACGI)H)

mgi? = milligansof Lgance par abicmeter of ar
LA =Lowes FeeselLevd (ssebdow for further expanetion)
A2 =Indudrid sUbdance 3.50edtad of having caranogenic patentid for men

A

Enviramantd

In1984 the Oooupetiond SAety and Hedlth Adminidration (OSHA) edablished anew Ramisshle
BxpoareLimit (PEL) far BO of 2 mg/n asan 8hour TWA.(7) Inaddition, an"adtionlevd" of 1 mgfi?
asas8-hour TWA wasedahlished by OSHA asthelevd abovewhichemployasmud intiste paiodic
employeeeqposure monitaring and madicd survellance: Alsoin1984, NIOSH recommendad thet HO
expoauresnot exossd 10 mg/n? for amaximum of 10 minutes per day and thet eqposresbe conrdlled to
lessthen 02 mg/in® detamined asan 8-hour TWA.(8) NIOSH conddersEtO to beapotantid human
cardnogen and no sefelevd of exposure hesbeen demondrated, dthough decressing the expoaLreislikdy
to reducethe prabtillity of devdlgping canoer. The Amaicen Confarencedf Govarmentd Indudriad
Hygienigs (ACGIH) recommended a Threshdld Limit Vaue (TLV) of 2 g for an 8hour TWA. The
ACGIH ds desgnated EO asan A2 cardnogen(9) AnA2 cardnogenisddined asanindudrid
ubdance sgpetted of having cardnogenic patentid for men. Thisdesigretionisbessd onather (1) linnited
gaidamidagicevidace exdusved dinicd repartsdf Snglecases ar (2) demongraion of cardnogenesisin
onear moreanimd oedeshy gopraprige methods

Medicd
AcueHEfeds

Inhelation of high concantraionsto EXO for shart exposLe periads can produceagenard anesthetic effect in
addtion to coughing, vamiting, and imitation of theeyesand resairatary pesssges Ealy symptomsare
imtation of theeyes nose, and throet and apecdiar teste. Effets which may beddayed, areheedeche,
neuses, vomiting, dysones, cyanods pumonary edama, dronvainess weekness incoordintion, and
donomditiesaf EKGsand uinaty exaion of bilepigmants(10) Sevard demaidiogic conditionscan
reut from contact with liquid EHO. Theseindudeskin bligaing, pigmat ador drangg, and frodthite(10)




Chvonc Efeds

BO hindsto DNA and hesbean dhoanto causepaint mutations(11) Inbath animelsand humans EO
expoaLre prooucesinoressad frequendes of S9er dvometid exdnengesand dyomosomd
eoaraions(1213) BOisareurodudivetaxinin animas and onesudy suggestsauchanfed in
humans(1214) BOisananimd cardnogen, and in humens two gpidamidogicd dudieshave assodated
anincreesed hametdagic, dimantary, and urogenitd meignendeswith BBO expoare(12,15-16) EO hes
a0 ben shown to cause pdyneurgpathies and calaradts(17-19)

VI. REULTS

A

Eviromaid

Tenful Shift ar ssmples four parsondl bregthing zone (PBZ) and s genard areg, were adllected onMay
11,1987 far HO. Theresdtsareprovidedin Tablel. Theresutsof samplesodledted near thelregthing
zoned three Cantrd Supply tedhnidanswerefound to bebdow thelgboratary limit of detedtionof 0.3
micogarspa sanple ThePBZ sarpleadledted from the eilizer gperator wesfound to beabovethe
laboratory limit of detedtion but below thelimit of quentitation of 0.6 microgramspar sanple (002 i for
thedar vdumesarded). Thereadtsdf imewdghted avarage gened aeasardesadleded inthe
mechanical aooessroom and Seilizer room ranged from nonotecteble (ND) to 02 mgin?,

A smmay o theresitsof theshart-tem sampling ispresanted in Tdble 2. Threear samples onePBZ
and two ganerd areg, were adllected for a 16 minute pariod duing which the 3V deilizer wesverted and
thelced randared totheagrator (samples 11 - 13inTable2). Theresitsof thesethreehort-tem
samplesfar EOwerefound to bebdow thelaboratary limit of detedtion of 03 microgranspa sarpe
Work pradicesinduded a15 minute door arack period before unloeding the deilizer. Thegperator then
moved away fromthe areawherethe peek EHO conoatrationswerelikely to bepresat. Bassd onthe
arflow pettern dbosarved with Soketubes, the dat hood contrdlled emissonsfrom thedoar, i.e thedigance
whichthedoor autometically apened waswithinthe dat hoods cgpture didance

Threedr samples ane PBZ and two genard ares, weare cdlledted for a25 minute pariod during which the
Cedledsilizar wasvented and theloed trandfared to the aarador (samples 14 -16in Teble 2). Wark
pracicesinduded a15 minute door arack peariod before unlceding the Seilizer. Thedeilizer operator then
moved away fromthe areawhearethe peek O conoatrationswerelikely to bepresat. Bassd onthe
arflow pettem absarveed with smoke tubes the dat hood did nat contral emissonsfromthedoar, i.e the
dgancewhich thedoar autometically opened wasnat within the dat hoods cgpturedidance EHEOwies
Odtected & thelimit of quentitaioninadhart tem areasampletekenin the seilizer room during the Cedle
dailizer 15 minutedoor arack paiod. Theconoantration wias calaulated to be 0.2 mg/in? far thelimit of
quantitaion of 0.6 micogamspa sarpdeadthear vdumesarded Theresldtsdf theramaningtwo
dottam sarpesfor BEO werefound to bebdow thelimit of detedtion of 0.3 micogramsper sample
No daedtablelevdsof BtO werefound with diredt-reeding colommetric detector tubes

Theregparted air cranges per hour for the deilizer room exossded theminmum of tenar dhengesper hour
recommended by the U.S Rubdic Hedlth Savioe however, visud dosavation of arflov movement with
gnoketubesdemondrated thet ar wesflowing out of the mechenicd aooessroom and deilizer roominto
adacatwok aess(19) Thearflov movement wasmodt pronounced near thecdling. Therefore the
ventilaion ratewas nat adecuieteto overcomethethemd ar currents produced by heet generating




equipman located within themedhenical anoessroom and mekethe medhenical aooessroom anegetive
pressrezorerddaivetothedailizer room: Temparaiure messramatswerenat tekeninthemednenicd
aooessroom, howvever, thetwo NIOSH resserdharstdt thevaumedf ar drawvniinto theroomwes ot
affidet olimit thetemparaureriseto an acoqiteblelevd.

Maregamant and enployessrdaed severd inddanisof thehydrocaron dam gaing off inregponseto the
usedf hair gray & anearby Snk and inresponseto the use of anisopropend besed sogp. M

requiresal Centrd Supply employessto evacuate the department and evaougtion prooedlres befdloved
evay timethedam sounds regardess of the hydrocarbon source produdng thedam.

Medicd

Of thetwenty-two current employessin the Cantrd Supply Departmant, twernty (91%6) completed
quedioares Of thesetwenty, thirteen weretedhnidans and ssvenwearedodk derks Thetwo
admindrative parsonnd werenat asked to complee the quesionnaireand thusthe regponse rate was
effedtivdy 100%. Thetask of dhenging the BBO terkswas assgned to onedarekegpar who dso
completed thequesionnaire: Thisgroup of twernty-oneemployess thetwenty Cantrel Supply employess
and the sore kegper, represanted the exjposad population.

Sventen o thinty-five Didary employesswarerandomly asked to compleetheintaview. Thee
Sventean rgaresanted the nonexposad employess

Tabe3 presatsthedamogrgahicinfometionfar thetwo groups: No datidicaly sgnificant differenceswere
found for agg s, recg, smoking stetus and length of employment between employessof the Cantrd
Sy and Digary Depatmants

Thesympiom dude prevdenceby depatmeant isdglayed in Teble4. Theexposad department (Cantrd
Spaly) employessreported aninoressad prevdence o dl symptom complexeswith the conditutiondl and
intatives/mptomsbang datidicaly sgnficat.

Themean symptom duder scareby depatmantisshownin Teble 5. The Cantrd Supply Departmant
employessreparted anincreesed meen score of dl symipom complexes compered to the Dietary

with thecordtitutiond, skin, regairatary, paripherd nevoussygem, and initative symptoms
beng detidicly sgnficat

Sratifying the Canird Supply employesshy jabftitle, thetedhnidansreported increesed condiitutiondl, kin,
regaraary, paiphard navoussydem, andinitaives/mptoms Thedeks ontheather hand, reported only
incressed imitative symptoms (Teble6 and 7).

Medicd recordsdf fifteen Cantrd Supply tednidanswererevieved. Twotednidasswholdt the
ingtitution Snce February 1987, hed completed the madicdl soreaninginitiated by theemployeehedith
physdans andwarenat avaladefor thequetionnaire: OF thesefiftean, the completeblood counts (CBCy)
reveded threemild anemias (low red blood cdll count), and onemiild leLkapenialow whiteblood ol
oount). Thessum dnamidriesreveded two mild liver fundiontes (LFT) ebnomndliies Thedhest
radiogrgohs (CXRS) reveded two abnommditiesof adronic neture: Two dedrocardiograms (BEKGy)
revedled nontgpadfic minor ononeities

Threedf theseven Catrd Supdly deksweareevduated intheemployeshedth dinic. Thar CBCsad
CXRsweaenommd. Onemilddevationof the LFT wasnoted, and two BK Gshed nonkgpeafic minor
abnomities



Neurdogcexamwere paformed ontweved thethirteen curently employed tedhnidans onedf
theseven Caird Supply daks and the oneexposad dorekegpa. All examswerewithin nomdl
lirmits

VII. DISCUSSON AND CONCLUSIONS

A

Eviromaid

EOwasdatetted & thelimit of quantitation (002 mg/n? for thear vdume sampled) in atime weighted
averagg parsond breething zone (PBZ) sampleteken from thedtarilizer qperator and & thelimit of
quartitaion (02 myi? for theair vdume sampled) from ashart tem areasampletakenin thedilizer room
teken duing the Cadtle dailizer 15 minutedoar aradk paiod. Theramaining PBZ sarpesdid natindicate
any arbomeexpoareto HO abovethelimit of detedtion. BBO wes detected infivetimeweighted average,
gengd areasamples (conoantrationsranged from none detectsad to 0.2 mg/n) teken in the terilizer room
and themechenica aooessroom. EHO was detlected inatimeweighted averape, PBZ sampletakenfrom
thedailizer operaior and in areeswhare parsonnd werelocated. Therdfare, the NIOSH indLetrid
hygenigsconduded apatentid for employesexqpoareto HO exiged during thesurvey.

B. Mad

Bath thesymptom dugter prevalencesand the meen symptom duster sooresreveedled anincressd
prevdenced dl symipom complexesamong the Cantrd Supaly Department parsondl.

Thetednidanshavethemganty of symptamsinthe Cantrd Supply Departimant, and dso havethemost
patentid expoareto HO. Thisfinding suggeststhet BO might bethecausedf theseamployesssymptams

Thequediomarepationof thisdudy hessevad limitaions: Thegquedionnairerdieson sdf-reparting of
aedives/mptomsasameansto ddemines/mptom duder prevdencesand meen symptom dugter
sores Inaddition, indvidudsin the same departmant ligen to the prablems of cowoarkersand therefare
may bemorelikdy to report symptoms (recal biss).

Theabnomditiesfound on thelaboratory soreening tedisweareminar, and thar causss nonkgpadific,
Howeve, gventhet O exposre caussshametdogic meignendesin animdls and humen gpidamidagic
dudieslink EOwith hemetdogic mdignendes theseabonamd completellood counts (CBCs) ned
fdloa-up. (11,14-15) Inaddition, BtO hesbean shownto caueliver damege whichisusLdly refledted in
devaion o theliver fundiontests(LFTS).(10) Therefore employessexposad to B0 with aonamrd LFTs
ned fdlon~up aswl. Reportsaf BBO exposed warkershaving prateinunia(prataninthe uring), and
uogaitd maignendes (canoasdf theuinary trat) suggesisthe nead to incoporateauningyssinto the
sxve'llanepracm (17.21) Although thesareening procecireswill not prevent adverseeventsfrom BO

mey unoove” hametdogic meignendeseaty intheir course pamnitiing early, aggressve
ﬂ”ﬂ‘&pj If BtO induoad liver damegeisdisoovared by sremning tets prompt removd from theexpoaLre
mey limit theextent of liver damege

Thedengng of EEOtanksar oylindarsispafomed by onestorekegper. Desaitecareful detachmeant
prooaclresaemployed by thisworker, expodaureto BHO concentrations excesding the odor threshald ssams
to coour oocasiondlly. Therefore, parsord protective equipment (reairator and gloves) nesd to beused.
Whileintaviening and examining the Cartrel Supply employees theNIOSH physdan noted thet, in
oangad, the Cantrd Supply employesswere misnfarmed ar uninformed about the heelth hezards posed by
BO expoare, and were undear about the proper Seilizing proosdure

TheCatrd Supply Depatmat employess thetechnidansin paticular, hed an incressed prevaence o
congdet with BO expoare: The Canrd Supply Department employesshed labaratory test
resitswith minor donomdities namdy thesaumliver fundion tesisand blood counts: Thelabaratary tests




nead to be repedted and thertedt resLits evaluated by aphysdan. Whether RO exposure caused the
s/mptomsor labaratory test onomdities cannat by determined from our Sudy.

Vil.  RECOMMENDATIONS

A. Eviromaid

1 Univarsty Hosaitd should continueinitseffartsto reducedhylene axide eqpoareto trelovest led
posshle continue pariodic exposure monitaring, and continueleek detedtion to esLre the effediveness of
egneging aonrds

2 Thesourced éhyleneaxideexposurein themedhenicd aocessroom (presumelly thedrain areg)
should beidentified. Although empoyesswould nat nonmelly bepresart inthisareaduing deilizer and
agrator gparation, it would ill beadvissileto conird the O emissonsd thisgeneration paintinarder to
prevert migraion of thegesinto the dailizer room.

3 Thaeisdwaystheposshility of inddentd rdesseof BEOinthemedhanicd aocessroom, othe
verilaion should beimproved to nat dlow any arflow ot of theroom: Thamd efedseguetionscangve
anetimated theflomrate nesded(22) Thetamperaureinthemechenica aooessroomshauld be
meintained betwean 70 and 100 dayess Fehrenhat.

4. Rathe then rdying ona"well-ventilated room”* asaprimery contrd, it isrecommended thet efective
conrdshbeinddled a themgiar sourcesof EEO rdesse. The didancethe Cedledtilizer door opened
during the 15 minutedoor arack period should bereduced. Thedoar should not open beyond thedat
hoodscgaureddance. Other contrdsindudeaventilaled endoaurefor thedrainair ggp, additiond coyde
phesesto reduce the conoantration in the Serlizer befare the door isgpened, and work pradticeswhich
minimizeaontact with the serilizer loed

5. Sncedevaed HHO concantraions ooour inthe mechanicd anoessroom, awaming sydem shaud be
presant to dat employessnat to enter theroom for agpeafied pariod of time dfter the Seilizer eveougtion
pheseiscomplete Thelength of timereopired mey beedimeted fraom rete-of-purging equetions(23)

6. To pratedt thedorederk dranging the BO supply oylindars suply line purgesysemsand/or locd
exhag vartilation abovethe oylindasshould beindaled. Fece shiddsand govesshoud bewom by the
employeewho dhangestheoylinder for pratedionin case of enacddant. Thegeslinecomnedionsshould be
checkad for leskege diter eech oylinder change using asogp solution or helide (refrigerant) lesk detedtor.

7. Respratarsshould beavalableto hendeamagancy stugtionsand mey benecessary far routine
o/linder dangesif exgineaing conrdsareinedequete. Far studiorswheretheamployeeencountarsan
unknown conoentration of BtO ar in anemargancy situgtion, NIOSH recommendsacompressad ar, open
arauit sef-contained bresthing goparatuswith full faogiece

8 Paword praedivedathing, induding butyl or nityl govesand faoeshidds Should beprovided to
employessrenuired to dhange BO oylindarsandlor catridges dueto the patentid for skinand eye
imitetion

9. Futhe sampling of employessfar EO should be conducted dfter ventilation improvementshave bean
medeto evduatethar effect.

10. BEnployessopaaing deilizer equipment houd recaveindrudionindl parametersdf dailizaionand
agdion procedures: Such training shauld stridly adhereto euipment menufadurars ingtdlation, operating,
rouinecare and prevantive mantenanceindrudions



11. Brployessshoud redveindrudion and traning on thehezards and toxiaty of BO, induding sgsad
s/mptomsadf acuteexposre, and onreparting theseto designeted hedlth personnd. Employessshauld be
informed of gopropriate precautionsto taketo limit exposure, induding sstework pradtioes: Ineddition, the
traning should indudeingrudion in resairator oparation, dscontamingtion proosolres anargacy
procedures

12. Reglar sheduiled ety medingsshould amto refrain employessworking with BO and remind them
of itspatentid adverse hedth effedts and theresson far complying with sfety procedures

13, BO gailizad sypliesand indrumants should nat berdeesed to ather hogaitd departmentsunlessthey
havebean compledy agrated. B.Medicd

1 Thednomd compleeblood counts (CBCs) and liver fundion teds (LFTS) should beregpeted. If any
anomitiesremain, an gopropriate evaugtion Souid beinitiated on anindividu bess

2. Asaulined by OFHA, prepacemeant madicd examindionsand annud medicd sreening of dl curent
employessinthe Cantrd Supply Depatmant. Thissoreen should indudeahidory and physicd examintion
by alicansad physdanwith goedd emphessdireded to symptomsrdaed to the pulmoneary, hametdagic,
neurdogic, and rgprodudive sysams aswel astheeyesand kin. Lebaratory sresning shoudindudea
CBC (whitecell count with differentidl, red ol count, hemetoait, and hamogidin).

3 Medicd examingtionsand conautaionsshould bemede avalddeto esch enployes asaulined inthe
OHA dandard (20 CHR 1910.1047), if theemployee desresmediicd advice concaming theeffedts of
aurat o ped exposureto HHO ontheemployessality to produceahedthy child
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TABLE1
TWA CONCENTRATION OF ETHYLENE OXIDE
Univasty of Cdorado Hedth SdenoesCater

March 11, 1987
Sarpe# Sample TypalLocation Sading Time TWA Conogrdion
(mgfr)

1 AreaMathanicd Acosss 318-850 02
Roomontopof Cadle
dailiz

2 AreaMathanicd Acosss 319-850 <LOD
Room abovefloor dran

3 PBZ/Certrd Supply 311-904 <LOD
Tedmidan

4 PBZ/Certrd Supply 305-904 <LOD
Tedmidan

5 PBZ/Silizer 249-850 <LOQ
Opadaor

6 AreaMathanicd Acosss 318-850 01
Room above Cadle Agaor

7 PBZ/Centrd Supply 30-904 <LOD
Tedmidan

8 AreaSailizar Room 324-85%6 0.08
ontopdf 3Vl Sailizer

9 AreaSilizar Room 323-856 (0Y0%!
toddedf agaor

10 AreaSilizar Room 322-856 (0Y0%!
aaling negr agratar

NIOSH Recommended Sandard: Ehylene Oxide- Lowest FeesbleLevd

Key:

TWA - Timeweghted averape (cdauated for the sampling imeindicated)
mgfi? - milligrams of Sogance par aubic meter of air

<LOD - Lesstrenthelimit of detedion of 0.3 micograrspar sarpe
<LOQ- Lessthenthelimit of quentitation of 06 microgramsper sample




TABLE?2
STEL CONCENTRATION OF ETHYLENE OXIDE
Univasty of Cdorado Hedth SdenoesCater

March 11, 1987
Sarpe# Sample TypalLocation Sading Time STHEL Conoatration
(mgim)

11 AreaSsilizar Room 7.44-801 <LOD
neer agrdor

12 PBZ/Sailizer 7:43-801 <LOD
Opaaor

13 AredSqilizer Room 7.44-801 <LOD
ontopdf 3Vl Sailizer

14 PBZ/Sailizer 825-850 <LOD
Opaaor

15 AredSqilizer Room 825-857 <LOD
ove CadleSailizer

16 AredSsilizer Room 825-852 <LOQ
neer agrdor

NIOSH Recommended Sandard: Eihylene Oxide- Lowest FessbleLevd

Key.

STEL - Sattam eqposurelimit (cdauated for the sampling imeindicated)

mgfi? - milligrams of Sodance par aubic meter of air

<LOD - Lessthenthelimit of detedtion of 0.3 micograrsper sarpe
LOQ- Limit of quentitetion, 06 microgramsper samdle



S (famde)

Rece
White
Black
Higoeric
Asan

Curent Smokas
Age(me)

Leghd

Empoymart (meer)

2 Pvdusswerecdadaed usng Fsher'sexatt teg, or Mantd-Haenszd chi-squered teds

Univasty of Cdorado Hedth SdenoesCater

Dawe, Cdorado
Damogrgohic Creradidicsby Depatments
Cantrd Supdy Diday
N=21 N=17
# (%) # (%)
17 (81%) 13 (77%0)
6 (29%) 5 (29%)
9 (43%) 8 (47%)
4 (19%) 1 (6%
2 (10%) 3 (18%)
9 (43%) 11 (65%0)
43yrs 3Byrs
9yrs o6yrs

b Pvdueswerecdauaed usng attest for aperameric didribuion

Soificance

p=.736"

p=.626



Tdde4

Univasty of Cdorado Hedth SdenoesCater

Denver, Cdoredo
S/mptom Cluster Prevalence by Department
™ =, Sl

# (%) # (%)
Coreiituiondl * 9 (43%) 0 (%) 002
Cogritive 4 (19%) 0 (0%) 081
G 1 (5%) 0 (0%) 553
Emdtiordl 3 (14%) 0 (0%) 158
in 4 (19%) 0 (0%) 243
Reoraory 4 (19%) 0 () 081
PNS 4 (19%) 0 (0%) 081
Initetive* 5 (24%) 0 (0% 041

1 Asddined by asooredf grester thenor equa to 7.
2 Pvdussliged werecdauaed usng Fisher'sexatt test.

*  Qdidicdly sgnificant to p lessthen .06 comparing eech exposad departmant (Cantrd Supply) to the norrexposad
depatment (Didary).



Tadeb5

Univasty of Cdorado Hedth SdenoesCater

Dawe, Cdorado
Mean Symptom Cluster Sooresby Department
Catrd Sy Diday
N=21 N=17 Sonificance

Cordiitutiondl * 514 218 001
Cognitive 333 171 051
Gl 262 135 056
Ematiordl 319 188 120
in* 362 182 026
Rearatory * 410 135 002
PNS* 319 100 013
Imitetive™ 357 0.65 005

! Pvdueswearecdauated using at-test for aparameric digribution.

*  Sdidicdly sgnificant to p lessthen .06 comparing esch exposad departmant (Cantrd Supply) to the nonexposd
depatment (Didary).



Tade6

Univasty of Cdorado Hedth SdenoesCater

Dever, Colarado
Symptom Clueter Prevalence by b Title
i Gaie ™ Diday
S0 5 00 00
Corsiititiond 6 (46%) 1 (14%) 0 (%)
Cogritive 3 (23%) 1 (14%) 0 (%)
G 1(8%) 0 (0%) 0 (%)
Emationdl 1(8%) 2 (29%) 0 (%)
in 3 (23%) 1 (14%) 1(6%)
Resairatory 2 (15%) 2 (29%) 0 (%)
PNS 4 (31%)' 0 (0%) 0 (%)
Initetive 2 (15%) 4 (43%) 0 (%)

1 Asddfined by asooreof grester thenor equa to 7.

*  Sdidicdly sgnificant to plessthen 06 (Hsher's Exatt Tedt) comparing exposed tedhnidans (Cantrd Supdly) ad
exposad daks (Ceantrd Supdly) to the non-exposad employess (Didary).



Tade7

Univasty of Cdorado Hedth SdenoesCater
Deawve, Cdorado

Mean Symptom Cluder Sooreshby Job Title

T cae Y Dy

N=13 N=7 N=17
Cordiituiordl 569 443 218
Cogrtive 3HA 343 171
a 2HA 257 135
Emdiordl 300 4.00 1.88
in 408 286 182
Regiraory 408 443 135
PNS 400 157 100
Imitetive 369 386 065

*  Sdidicdly Sgnificant to plessthen .06 comparing exposad tednidans (Cantrd Supply) and exposed daks (Catrd
Sly) to the nonexposed employess (Didary). Pvadueswerecdoulated usng at-tet for perameric digributions



Appandx A
ETHYLENE OXIDE QUESTIONNAIRE

NAME ShetID
Fleaseregpond to eech cateyary.
AGE __ yeas
FEX _Mde  _ _Farde
1 2
RACE _ White()
__Blak(2)
__Hignc(3
__AmaicanIndanor Aleskan Native (4)
__Adandf Padficldander (5)
__Other (6)
When dd you bagin endoymat with Caird Savices _
mmbyy
Sift _Day _Beig  _Ngt
Number of Hours Per Wk _Lesstren21 hours(2)
_Bewean2land 0 hours(2)
_Bewean3land 41 hours(3)
_Bewean41 and 51 hours(4)

- - - (4

1 234

(56)

©

©

(10

(1D



Bdowisalig of quesionsconoamning s/mptamsyou mey havehed.
For each question, put adhedk mark indicating how much you have been exparienang theIN THE PAST YEAR.

1 Haveyou TIRED moreessly then expeded for theamount of adtivity you do?

_Notadl _Alile  _Modeady _Quitealat (12)
0 1 2 3

2 Haveyoufdt WEAK for no goparant reeson’?

_Notadl  _Alle  _Modeady _Quitealat (13
0 1 2 3

3 Haveyou hed HEADACHES & |lesst onceawesk?

_Notadl  _Alte  _Modeady _Quitealat (14)
0 1 2 3

4. Haveyaufdt LIGHTHEADED of DIZZY &t lesgt onceawek?

_Notadl _Alte  _Modgady _Quitealat (15
0 1 2 3

S. Haveyou hed TROUBLE REMEMBERING things?

_Notadl  _Alte  _Modeady _Quitealat (16)
0 1 2 3

6. Haveyou hed to MAKE NOTESto remamber things?

_Notadl  _Alte  _Modeady _Quitealat (17)
0 1 2 3

7. HaveyouhaddfficLity CONCENTRATING?

_Notadl _Alte  _Modeady _Quitealat (18
0 1 2 3

8 Haveyou been CONFUSED or DISORIENTED?

_Notadl _Alte  _Modgady _Quitealat (19
0 1 2 3

9. Haveyou hed troule BUT TONING or UNBOUTTONING your dathes?

_Notadl _Alte  _Modgady _Quitealat (20)
0 1 2 3



INTHEPAST YEAR

10. HaveyoundicedalLOSSOFAPFETITE?
_Naad _Alitle _Modeady _Quitealat D)
0 1 2 3

11. Haeyouhed DIARRHEA?
_Naadl _Alile _Modaady _Quitealat (22)
0 1 2 3

12, Haveyouhed INDIGESTION nat causad by something you e or drank?

_Notadl _Alte  _Modgady _Quitealat 23
0 1 2 3

13.  Haveyouhed NAUSEA nat causad by something you deor drank?

_Notadl _Alte  _Modgady _Quitealat (24)
0 1 2 3

14. Haveyoufdt DEFRESSED for no paticular resson®?

_Notadl _Alte  _Modgady _Quitealat 25
0 1 2 3

15. Haveyoufdt IRRITABLE for no paticuar resson?

_Notadl  _Alte  _Modgady _Quitealat (26)
0 1 2 3

16. Haveyoubemesly EXCITABLE for no paticuar resson?
_Naadl _Alile _Modaady _Quitealat 27
0 1 2 3
17.  Haveyouhed drangesar svingsinyour MOOD marethen uad for you?
_Naadl _Alile _Modaady _Quitealat (28
0 1 2 3
18.  Haveyouben FERFARING for no particuiar reeson (even when you haventt exated yoursdf or itishat)?

_Notadl _Alte  _Modgady _Quitealat (29)
0 1 2 3



INTHEPAST YEAR

19.

4.

Hasyour SKIN beanexcessvdy DRY?

_Naadl _Aliie _Modaady _Qutealat
0 1 2 3

Haveyou hed aSKIN RASH?
_Naadl _Alile _Modaady _Quteala
0 1 2 3
Haveyou hed aSKIN SORES?
_Naadl _Alile _Modaady _Quteala
0 1 2 3

Hasyour KIN bean excessvdy ITCHY?

_Naadl _Alile _Modaady _Quteala
0 1 2 3

Haveyou hed SHORTNESSOF BREATH?

_Naadl _Alile _Modaady _Quteala

0 1 2 3
Haveyou hed adronic COUGH?

_Naadl _Alile _Modaady _Quteala

0 1 2 3
Haveyou hed CHEST PAIN?

_Naadl _Alitle _Modaady _Quiteala

0 1 2 3
Haveyou hed CHEST TIGHTNESS?

_Naadl _Alitle _Modaady _Quiteala

0 1 2 3

Haveyou naticad achengeinyour SEX DRIVE duing the pegt year”?

_Naadl _Alitle _Modaady _Quiteala
0 1 2 3

(30)

@D

€2

(33

&4

(3

(39)

@37

(38)



INTHEPAST YEAR

28. Haveyouhedany LOSSOFMUSCLE STRENGTH inyour ARMSor HANDS?

_Notadl _Alte  _Modgady _Quitealat (39)
0 1 2 3

20, Haveyouheday LOSSOF MUSCLE STRENGTH inyou LEGSor FEET?

_Notadl _Alte  _Modgady _Quitealat (40)
0 1 2 3

30. Haveyouhaday NUMBNESSa TINGLING inyour HNGERS lesing marethen aday?

_Notadl _Alte  _Modgady _Quitealat (41)
0 1 2 3

3L  Haveyouhaeday NUMBNESSor TINGLING inyour TOES|ading morethenaday?

_Notadl _Alte  _Modgady _Quitealat 42
0 1 2 3

32.  Haveyouhed PAINFUL BURNING of your EYES?

_Notadl _Alte  _Modgady _Quitealat 43
0 1 2 3

33,  Haveyouhed PAINFUL BURNING of your EYES?

_Naadl _Aliie _Modaady _Qutealat 4
0 1 2 3

34. HaveyouhedaPAINFUL BURNING of your NOSE or THROAT?

_Notadl _Alte  _Modgady _Quitealat (45)
0 1 2 3

b5, HaveyouhedaPAINFUL ITCHING of your NOSE or THROAT?

_Notadl _Alte  _Modgady _Quitealat (46)
0 1 2 3

36. Haeyoufdt HIGH franthedhemicdsyouwork with?

_Naadl _Aliie _Modaady _Quitealat @
0 1 2 3
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37.  Ligthetwo CHEMICAL Syouwork themost with:

1
2

38.  Ligthetwo CHEMICALSwhichgveyouthemog s/mploms

1
2,

39.  Haveyouhad al OWER TOLERANCE FOR ALOOHOL (tekeslesstoget drurk)?

_Notadl _Alte  _Modgady _Quitealat 49
0 1 2 3

40.  AreyouHAPPY withyour jol?

_Notadl _Alte  _Modgady _Quitealat (49)
0 1 2 3

41. Doyouthink thet you aregating SCK fromyour work?

_Notadl _Alte  _Modgady _Quitealat (50)
0 1 2 3

42.  DoyousmokeCIGARETTES?

_Natadl _ Lessthen 1 pack per day (61)
0 1

_1to2packsper day _Morethentwo packsper day
2 3

43.  Doyauhaeay o thefdlowing?

_Adhma(l) _ Brohitis(2) _ Brmprysama (3
_BEzama(d) _ Allages(®) _ Diabetes(6)
_HeatDissee(7) _ Pyydhiaricllinessss(8)

52

44.  Areyoutakingay preripion MEDICATION? _Yes1) _No(2) B3
If yes peeelist 1

2

3.



